Background--Dyslipidemia is a major risk factor for cardiovascular events. The prognostic importance of lipoproteins in patients with atrial fibrillation is not well understood. We aimed to explore the association between apolipoprotein A1 (ApoA1) and B (ApoB) and cardiovascular events in patients with atrial fibrillation receiving oral anticoagulation.
cause mortality. 5, 6 Other biomarkers, such as the marker for oxidative stress and inflammation, growth differentiation factor 15, have been reported to double the risk for major bleeding and death by approximately the same amount when elevated. 7 However, the predictive role of more-traditional biomarkers, such as those that are components of dyslipidemia, is less clear. Dyslipidemia is known to promote atherosclerosis. It is a complex disease and is a major risk factor for adverse cardiovascular events. [8] [9] [10] High levels of low-density lipoprotein (LDL) and low levels of high-density lipoprotein (HDL) are associated with myocardial infarction (MI) and stroke. [11] [12] [13] The relation between dyslipidemia and cardiovascular outcomes and its role as a risk factor in patients with AF treated with oral anticoagulation therapy have not been previously examined.
The aim of this substudy from the biomarker population of the ARISTOTLE (Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation) trial was therefore to assess the association between the concentration of apolipoprotein A1 (ApoA1), the main protein component of high-density lipoprotein (HDL), and apolipoprotein B (ApoB) the main protein component of LDL, at baseline and clinical outcomes after adjusting for cardiovascular risk factors as well as other relevant biomarkers that have shown prognostic value for adverse events in AF. [5] [6] [7] 14, 15 
Methods
The data, analytical methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Population and Trial Design
The present study population consisted of participants from the ARISTOTLE trial; a multicenter, double-blind, doubledummy, randomized, clinical trial which enrolled 18 201 patients with AF and at least 1 additional risk factor for stroke or systemic embolism (systemic embolic event; SEE). The details and outcomes of the ARISTOTLE trial have been described and published previously. 16, 17 All patients were randomized to receive either warfarin or apixaban for stroke prevention in a 1:1 fashion. The apolipoprotein biomarker substudy cohort comprised of the first included 14 884 patients, and the median length of follow-up was 1.9 years. Overall, the ARISTOTLE biomarker cohort was representative of the full study cohort and has been described in detail previously. 18 Approval by the appropriate ethics committees was obtained at all sites. All patients provided written informed consent.
End Points
The primary outcome of this biomarker analysis was a composite of ischemic stroke, SEE, MI, and cardiovascular death. Other evaluated outcomes were the individual constituents of the composite ischemic outcome, all-cause mortality and major bleeding, according to the International Society on Thrombosis and Haemostasis criteria. 16 All outcomes were centrally adjudicated as previously described. 16, 17 Biomarker Collection, Storage, and Laboratory Methods
Venous blood samples were obtained before study drug administration from enrolled patients in the biomarker study of the ARISTOTLE trial. Samples were stored in aliquots at À70°C and subsequently transferred to the Clinical Chemistry Laboratory at Uppsala University Hospital (Uppsala, Sweden) for analysis. Apolipoproteins were analyzed using a particleenhanced immunoturbidimetric assay (Abbott, Abbott Park, IL). Analysis of high-sensitivity cardiac troponin T, N-terminal pro-B-type natriuretic peptide, growth-differentiation factor-15, cystatin C, interleukin 6 (IL-6), and C-reactive protein have been described in detail previously. [5] [6] [7] 14, 15 
Statistical Analysis
In total, 14 884 patients in the ARISTOTLE study had apolipoproteins measured at baseline and were included in our analysis. Demographics and other baseline characteristics were summarized using frequencies for categorical variables
Clinical Perspective
What Is New?
• In patients with atrial fibrillation treated with oral anticoagulation, higher levels of apolipoprotein A1 were independently associated with lower risk of ischemic cardiovascular outcomes, including stroke/systemic embolic event and mortality, and higher apolipoprotein B levels were associated with higher rates of myocardial infarction.
What Are the Clinical Implications?
• These data provide a better understanding of the risks associated with dyslipidemia in patients with atrial fibrillation and suggest that investigating therapies targeting dyslipidemia may play a role in improving cardiovascular outcomes in atrial fibrillation.
and median and 25th and 75th percentiles for continuous variables. For tests of differences among groups, the v 2 test was used for categorical variables and the Kruskal-Wallis test was used for continuous variables.
The association between baseline apolipoprotein levels and adverse outcomes was studied using multivariable Cox proportional-hazards models with apolipoprotein as continuous variables. Patients were followed until the respective event occurred or, if the event did not occur, were censored at end of study or at death (for nonfatal outcomes). Results are presented showing hazard ratio per interquartile change, that is, identical to comparing the 75th with the 25th percentile, of the respective apolipoprotein sample distribution, or, in other words, a difference in apolipoprotein levels that contains the inner half of the sample values. 19 The first model (model 1)
was adjusted for baseline characteristics and clinical risk factors; age, sex, body mass index, smoking status, systolic blood pressure, AF type, creatinine clearance, diabetes mellitus, heart failure, previous stroke/systemic embolism (systemic embolic event; SEE)/transient ischemic attack, hypertension, use of warfarin within 7 days before randomization, randomized treatment (apixaban/warfarin), use of statin medication within 30 days before randomization, treatment at randomization with aspirin, treatment with angiotensin-converting enzyme inhibitors, or angiotensin II receptor blocker. The second Cox model (model 2) was further adjusted for other prognostic biomarkers, all logtransformed: C-reactive protein, IL-6, high-sensitivity cardiac troponin T, cystatin C, and N-terminal pro-B-type natriuretic peptide. For the major bleeding outcome, additional adjustments were made for past bleeding and hemoglobin in model 2, and log-transformed growth differentiation factor 15 level in model 3. Kaplan-Meier estimates of the cumulative risk to the first occurrence of an event were plotted. All statistical tests were 2-tailed and performed at the 0.05 significance level. Interaction between study treatment (apixaban or warfarin) and apolipoprotein level was analyzed using Cox proportional-hazards models including study treatment group, apolipoprotein, and treatment by apolipoprotein interaction as covariates. Given that statin therapy may affect ApoB levels substantially, sensitivity analyses were performed for the association of ApoB to outcomes in patients without any statin therapy at baseline (n=8420). Because all analyses were exploratory, there were no adjustments for multiple comparisons. The Biostatistics section at Uppsala Clinical Research Center conducted the statistical analyses.
Results
Baseline demographics and clinical characteristics of the study population in relation to apolipoprotein levels are summarized in Tables 1 and 2 . In summary, the median age was 70 years and %64% were male. The median (25th, 75th) ApoA1 concentration was 1.10 g/L (0.94, 1.30). For ApoB, the median (25th, 75th) was 0.70 g/L (0.55, 0.85).
Most clinical characteristics, treatment, and risk factors for stroke were associated with both ApoA1 and ApoB. In multivariable models (Table 3) , low levels of ApoA1 were most strongly associated with male sex, higher IL-6 levels, and permanent or persistent AF (P<0.0001 for all). High levels of ApoA1 were most strongly associated with a better renal function, older age, and higher hemoglobin levels. For ApoB, low levels were more strongly associated with statin therapy, male sex, higher growth differentiation factor 15 levels, and higher IL-6 levels (P<0.0001 for all; Table 4 ). High levels of ApoB were most strongly associated with a better renal function and higher hemoglobin levels (P<0.0001 for both).
Dyslipidemia in Relation to Composite Ischemic Outcome
There were a total of 883 events of the composite ischemic outcome consisting of ischemic stroke, SEE, MI, and cardiovascular death. Risk was substantially lower with higher baseline levels of ApoA1. In the fully adjusted analyses, ApoA1 was independently associated with a lower risk in the composite ischemic outcome with a hazard ratio (HR) of 0.81 (95% confidence interval [CI], 0.73-0.90; P<0.0001) per interquartile change (Table 5) . ApoB was not statistically significantly associated with the risk of the composite ischemic outcome with an HR of 1.01 (95% CI, 0.92-1.12; P=0.8240; Table 6 ).
Kaplan-Meier plots illustrating the associations between the apolipoproteins and the composite ischemic outcome are shown in Figures 1 and 2 .
Dyslipidemia and the Risk of Stroke or Systemic Embolism
In total, there were 397 occurrences of stroke or SEE during the trial follow-up. In the fully adjusted analyses, ApoA1 was independently associated with a lower risk of stroke or SEE with a HR of 0.84 (95% CI, 0.72-0.98; P=0.0248) per interquartile change (Table 5) . ApoB was not statistically significantly associated with stroke or SEE in any model (Table 6 ).
Dyslipidemia and the Risk of MI
A total of 149 MI events were observed during follow-up. There was a lower risk of MI with higher baseline levels of ApoA1, however not statistically significant in any model (Table 5) . The analysis is based on a model including all variables shown in Table 1 . AF indicates atrial fibrillation; ApoA1, apolipoprotein A1; CI, confidence interval; IL-6, interleukin 6. In the fully adjusted analyses, higher ApoB was independently associated with an increased risk of MI with an HR of 1.33 (95% CI, 1.06-1.68; P=0.0144) per interquartile change.
Dyslipidemia and the Risk of Mortality
During follow-up, a total of 1068 patients died from all causes, of which 543 died from cardiovascular causes. Higher levels of ApoA1 were statistically significantly associated with lower risk of all-cause and cardiovascular mortality, respectively. This association remained statistically significant in the model also adjusting for cardiovascular biomarkers with an HR of 0.77 (95% CI, 0.70-0.85; P<0.0001) for all-cause mortality, and an HR of 0.78 (95% CI, 0.68-0.89; P=0.0002), for cardiovascular mortality, per interquartile change (Table 5) .
In fully adjusted models, ApoB was associated with allcause mortality with a higher risk in those with lower ApoB levels with an HR of 0.84 (95% CI, 0.76-0.92; P=0.0002) hazard ratio per interquartile change. A similar association was observed for ApoB with cardiovascular death; however, this did not remain statistically significant in fully adjusted analyses (Table 6 ).
Dyslipidemia and the Risk of Major Bleeding
A total of 702 major bleeding events were observed in this biomarker cohort. There was lower risk of major bleeding with Three different proportional hazards model have been used, 1 without any adjustment, 1 adjusted for randomized treatment, demographic, and clinical risk factors, and 1 adjusted for randomized treatment, demographic, and clinical risk factors plus biomarkers. The demographic and clinical risk factors used were: age, sex, body mass index, smoking status, systolic blood pressure, atrial fibrillation type, creatinine clearance, diabetes mellitus, heart failure, previous stroke/systemic embolic event/transient ischemic attack, hypertension, randomized treatment, use of warfarin within 7 days of randomization and use of statin medication within 30 days before randomization, treatment at randomization with aspirin, and treatment with angiotensin-converting enzyme inhibitors or angiotensin II receptor blocker. The used biomarkers markers were high-sensitivity cardiac troponin T, N-terminal pro-B-type natriuretic peptide, cystatin C, C-reactive protein, and interleukin 6. For major bleeding, past bleeding and hemoglobin were added to model 1, and growth differentiation factor 15 to model 2. Cox models based on continuous biomarker levels showing hazard ratio per interquartile change (eg, Q3 vs Q1). ApoA1 indicates apolipoprotein A1; CI, confidence interval; HR, hazard ratio; MI, myocardial infarction. Three different proportional hazards model have been used, 1 without any adjustment, 1 adjusted for randomized treatment, demographic, and clinical risk factors, and 1 adjusted for randomized treatment, demographic, and clinical risk factors plus biomarkers. The demographic and clinical risk factors used were: age, sex, body mass index, smoking status, systolic blood pressure, atrial fibrillation type, creatinine clearance, diabetes mellitus, heart failure, previous stroke/systemic embolic event/transient ischemic attack, hypertension, randomized treatment, use of warfarin within 7 days of randomization and use of statin medication within 30 days before randomization, treatment at randomization with aspirin, and treatment with angiotensin-converting enzyme inhibitors or angiotensin II receptor blocker. The used biomarkers markers were high-sensitivity cardiac troponin T, N-terminal pro-B-type natriuretic peptide, cystatin C, C-reactive protein, and interleukin 6. For major bleeding, past bleeding and hemoglobin were added to model 1 and growth differentiation factor 15 to model 2. Cox models based on continuous biomarker levels showing hazard ratio per interquartile change (eg, Q3 vs Q1). ApoB indicates apolipoprotein B; CI, confidence interval; HR, hazard ratio; MI, myocardial infarction.
higher ApoA1 levels. However, none of the apolipoproteins remained significantly associated with major bleeding in fully adjusted models (Tables 5 and 6 ).
Sensitivity Analysis
Sensitivity analyses for the association of ApoB with cardiovascular outcomes in patients without statin therapy (n=8420) overall showed similar results (Table 7) . Additional sensitivity analyses for ApoB showed that the association with all-cause mortality was primarily driven by noncardiovascular death (Table 8) , of which malignancy and infection were the most common causes of death.
Outcomes According to Dyslipidemia and Randomized Treatment
The study treatment (apixaban or warfarin) interaction by apolipoprotein levels for the composite ischemic outcome was not statistically significant. For major bleeding, apixaban showed a greater relative risk reduction in those with high ApoB levels (P=0.0234), with a similar result for ApoA1 (P=0.0584; Figures 3 and 4) .
Discussion
In patients with AF on oral anticoagulation, higher levels of ApoA1 were associated with lower risk of composite ischemic outcomes, stroke, and death even after adjustment for baseline characteristics, comorbidities, other biomarkers, and medications. Higher levels of ApoB were associated with higher rates of MI only, but not with the other cardiovascular outcomes. In contrast, lower levels of ApoB were associated with an increased risk of all-cause death. Importantly, both apolipoproteins remained statistically significantly associated with these outcomes even after adjustment for other prognostic biomarkers (high-sensitivity cardiac troponin T, N-terminal pro-B-type natriuretic peptide, cystatin C, C-reactive protein, and IL-6). Furthermore, among those with higher apolipoprotein levels, apixaban showed an even greater relative risk reduction of major bleeding than in patients with lower levels of these apolipoproteins. Dyslipidemia is a complex disease and a traditional risk factor for adverse cardiovascular events. Other than a possible association between dyslipidemia and incidence of AF, its relationship with AF has not been well described before. [20] [21] [22] [23] [24] [25] [26] To our knowledge, this is the first study showing that plasma levels of apolipoproteins were independently associated with major cardiovascular events in anticoagulated patients with AF. In this study, high baseline ApoA1 levels were associated with %15% lower risk of stroke or SEE, 20% reduced risk for cardiac and all-cause mortality, and similar association to composite ischemic outcomes. High levels of ApoB, on the other hand, were associated with 30% increased the risk of MI. These associations, similar to that of dyslipidemia in coronary artery disease, might be explained by the atherogenic properties of dyslipidemia. An important finding in this study is the association between dyslipidemia and mortality for both ApoA1 and ApoB. Similar to low HDL levels, low ApoA1 conferred higher risk of death. However, for ApoB, the all-cause mortality rate was paradoxically higher in patients with lower ApoB concentrations. Similar findings have been presented in other cohorts as well. 31, 32 In a large, prospective, observational study of patients following an acute MI, an increased risk of all-cause mortality was shown in the group with the lowest levels of LDL cholesterol. 31 Increased rate of all-cause mortality has also been associated with low levels of LDL cholesterol in the elderly. 32 Plasma cholesterol levels decline with age, malnutrition, chronic disease, and even with inflammation. [32] [33] [34] [35] This "lipid paradox" in which patients with the lowest levels of LDL cholesterol, or in this case ApoB, are at an increased risk for all-cause mortality could thus possibly be explained, at least in part, by a higher disease burden and frailty. Patients in this study in the lowest ApoB quartile were, in fact, more comorbid, perhaps best illustrated by higher CHA 2 DS 2 -VASc scores, and were therefore likely at an increased risk for death. Similar patterns were also observed in the multivariable models and in sensitivity analyses in patients not on statin therapy. Women in this study had higher levels of ApoA1 and lower levels of ApoB (Tables 1 and 2 ). These findings are consistent with previous studies. 36 However, in the adjusted Cox analyses, the associations between the studied apolipoproteins with outcomes are adjusted for sex apolipoprotein differences. Thus, sex should not influence the apolipoprotein association with outcomes. The relationship between dyslipidemia and stroke is complex because the association seems to vary dependent on stroke subtype as well as lipid parameter studied. 13, 37 Most observational studies have shown an association between higher levels of LDL cholesterol and lower levels of HDL cholesterol with increased ischemic stroke risk. 13 Few studies have, however, evaluated dyslipidemia in relation to stroke risk in an AF population on oral anticoagulation. Recently, in a small cohort of AF patients without anticoagulant therapy, high LDL cholesterol was found to be an independent predictor of ischemic stroke. 38 In the present study, no such findings were observed, which may be attributable to a relatively lower event rate which in turn is attributed to the fact that all patients received oral anticoagulants. Low ApoA1 levels were, on the other hand, associated with higher stroke/SEE rates and even more so to the composite ischemic outcome. This could indicate that ApoA1 indeed may play a role in the pathophysiology of ischemic outcomes in AF. Furthermore, a greater relative risk reduction of major bleedings was observed with apixaban compared with warfarin in patients with higher levels of apolipoprotein. In these individuals, apixaban may be an even more-attractive choice than warfarin. The underlying mechanism for the treatment interaction is, however, unclear and warrants further investigation. Several biomarkers have, in recent studies, shown to significantly improve the prognostication for stroke in AF. [39] [40] [41] They could therefore lead to a better understanding of AF and its associated adverse outcomes, improve risk stratification, and, potentially, create new therapeutic approaches to reduce morbidity and mortality.
27-30
The findings from the present study indicate that dyslipidemia, a traditional cardiovascular risk factor, may play a role in AF-related adverse outcomes. Therapeutic interventions for dyslipidemia could therefore prove beneficial effects in reducing the risk of these complications. In clinical practice, however, most drugs that increase ApoA1/HDL cholesterol (such as niacin and fibrates) have so far not been able to show further reduction in cardiovascular events. 42, 43 It is possible that newer agents, such as cholesteryl ester transfer protein inhibitors, may be more favorable. 44 The medications, however, have not been studied specifically in patients with AF, and any potential beneficial effect of these agents on AF burden and associated outcomes need to be tested in future prospective trials and may possibly also need stratification according to genetic variances. 45 Another issue that warrants mentioning is that only half (51.6%) of the patients with AF and a traditional indication for statin therapy (eg, established vascular disease or diabetes mellitus) was on statin treatment in the study cohort. Better adherence to existing guidelines for management of dyslipidemia may thus also be an important factor in the efforts to improve outcomes in AF. Even though the statistical analyses were adjusted for a variety of cardiovascular risk factors, patient background characteristics, and cardiovascular biomarkers, residual confounding cannot be excluded. Information of pre-existing hyperlipidemia per se was not collected within the ARISTOTLE trial, neither were traditional markers of hyperlipidemia (cholesterol or triglyceride levels). Furthermore, the observational nature of this study shows associations and does not permit any deductions concerning causal relationships between dyslipidemia and AF.
Conclusions
In patients with AF treated with oral anticoagulation, higher levels of ApoA1 were independently associated with lower risk of ischemic cardiovascular outcomes, including stroke/SEE and mortality. Higher ApoB levels were associated with higher rates of MI, but, paradoxically, lower risk of all-cause mortality. The benefits of apixaban over warfarin were consistent, regardless of the levels of ApoA1 and ApoB. Our findings provide unique insights to the interaction between AF and lipoproteins, and suggest that investigating therapies targeting dyslipidemia may play a role in improving cardiovascular outcomes in patients with AF.
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